Systemic compliance, renal hemodynamics, and sodium excretion in hypertension. Extracellular fluid volume (ECF), plasma volume (PV), glomerular filtration rate (GFR), renal plasma flow (RPF), efferent arteriolar oncotic pressure (IrE), sodium output (UNaV), and sodium clearance (CNa) were determined in 150 men including 50 normal controls (NC) and 100 sustained essential hypertensive patients (EH). Total effective vascular compliance (TEVC) and central venous pressure (CVP) were measured in 17 normotensives and 24 EH. EH had a decreased RPF and TEVC (P < 0.001), while CVP and IrE were higher than in NC (P < 0.001). ECF, GFR, UNaV, and CNa were identical in EH and NC. A positive correlation between RPF and CNa (P < 0.01) and a negative correlation between IrE and CN existed in both groups with a significant reset of the curve in EH: For any given RPF or irE the CN, was higher in EH. In the overall population TEVC was negatively correlated with CVP (P < 0.01) and IrE (P < 0.01); CVP was positively correlated with irE (P < 0.01). The results suggest that physical properties of the low pressure system could participate in the natriuretic adaptation of the kidney in EH man. The critical function of extracellular fluid volume (ECF) control is the regulation of blood volume (BY) so as to ensure the adequacy of the circulation. The adequacy of the circulation depends on its filling pressure, especially the filling pressure of the heart, which plays a major role in the control of cardiac performance [1] . The filling pressure of the circulation depends on the relationship between the blood volume and the holding capacity of the vascular space, this relationship defines the capacitance [2] . Changes in capacitance are of primary importance in the control of ECF volume [2, 3] . By influencing directly the filling pressure of the heart and circulation, it has an influence direct or mediated by reflexes [1, 4], on the three major mechanisms controlling the plasma volume: 1) control of partition of ECF volume, 2) control of the renal excretion of salt and water, and 3) control of the peripheral vascular motricity [3, 5] .
taient dans les deux groupes. Ces deux correlations étaient significativement deplacees vers la droite chez les sujets hypertendus: A tout niveau de RPF ou de IrE, Ia CNa était supérieure chez les sujets hypertendus. Dans l'ensemble de Ia population, Ia TEVC était négativement corrélée a Ia CVP (P < 0.01) et a Ia IrE (P < 0.01); la CVP et Ia IrE étaient positivement corrélées (P < 0.01). Ces résultats suggèrent que les propriétés physiques du système a basse pression peuvent participer a l'adaptation natriurétique du rein chez les sujets hypertendus.
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The importance of vascular compliance changes in the regulation of cardiac performance and ECF volume control in normotensive and sustained essential hypertensive men has been recently reported [4, 61 . Sodium balance and ECF volume are within the normal range in uncomplicated essential hypertension [71, but two abnormalities concerning the factors involved in ECF volume control have been reported: 1) a decreased total systemic vascular compliance (TEVC) with a decrease in BY and abnormal ECF volume partition [6] [7] [8] , and 2) a characteristic pattern of renal dysfunction consisting of a reduced renal blood and plasma flows (RBF and RPF) with a normal or slightly decreased glomerular filtration rate (GFR) resulting in an elevated filtration fraction (FF) [9] . These hemodynamic changes are not associated with sodium and fluid retention but, on the contrary, with an exaggerated natriuresis after volume and sodium load [10] [11] [12] . We have recently shown that some aspects of renal hemodynamics are interrelated with systemic vascular capacitance changes [13] , especially in hypertensive subjects [13, 14] . The purpose of the present study was to develop our previous studies [6, 13] and to evaluate, in essential hypertensive patients and normal controls 1) the relationship between the capacitance system characteristics and extracellular fluid volume distribution, 2) the relationships between renal sodium excretion and renal hemodynamic parameters, and 3) the relationships between the capacitance system changes and renal hemodynamic parameters.
Methods

Fluid volumes and renal indexes
Subjects. The study group was composed of 150 men, 50 normotensive controls and 100 patients with sustained essential hypertension of similar age (mean SEM 36 1 years vs. 38 1 years). All patients were untreated or had discontinued their treatments at least 4 weeks prior to the study. They were hospitalized for 6 days and placed on 100 mmoles/day of sodium diet. From days 3 to 6 it was verified on the basis of weight, sodium intake and urinary output, that sodium balance was maintained in a steady state. For inclusion in the study the following criteria were defined: absence of a past history of renal disease; absence of proteinuria; normal Addis count; normal timed intravenous urography; and a plasma creatinine concentration lower than 140 moles/liter. Patients were classified on the basis of outpatient blood pressure determinations. The subjects were considered as normotensive controls when their blood pressure (as measured with a mercury sphygmomanometer and an adapted cuff size) was constantly lower than 140 and 90 mm Hg for systolic and diastolic pressures, respectively, and if the reason of their admission was not a cardiovascular disease. They were shown to be strictly normal after clinical and extensive laboratory investigations.
Systemic hypertension was documented in all patients by an average of three successive supine diastolic blood pressures equal or above 100 mm Hg (measured with a mercury sphygmomanometer utilizing Korotkoff phase V) on at least two separate outpatient visits. All patients in this study had sustained hypertension (a diastolic pressure constantly equal to or above 100 mm Hg on the 3rd day of hospitalization). Extensive investigations included the determinations of blood and urinary electrolytes, blood sugar, urinary catecholamines, endogenous creatinine clearance, timed intravenous urography, chest rentgenogram, electrocardiogram and optic fundus evaluation. All hypertensive subjects were listed as having an essential hypertension. In all cases, the known duration of hypertension was less than 3 years. Fundoscopy showed neither hemorrhages, exudates nor papilledema. No patient had clinical cardiac or neurological involvement. Moderate left ventricular hypertrophy, assessed by standard criteria [151, was present in 38 hypertensive patients.
The protocol was approved by the Institut National de La Sante et de la Recherche Médicale (INSERM). Consent was obtained from all patients after a detailed description of the procedure.
Experimental procedure. On day 4 of hospitalization, after overnight fasting, the patients were brought to the laboratory without premedication. They were asked to void and a timed urinary collection was started. Patients were placed on the examination table in the supine position. An antecubital vein was catheterized bilaterally for blood sampling and injection. Patients received 10 ml of water per kilogram of body wt for hydration.
Estimation of extracellular fluid volume (ECF) and inulin clearance. EFV was approximated to the distribution volume of inulin as previously described [13] . The inulin space was estimated by the single injection technique [16] . This method was derived from the theory of Meier and Zierler [171 for flow and volume estimations using tracer injection techniques. Fortyfive milliliters of a 10% inulin solution (Pharmacie centrale des Hôpitaux, Paris, mol wt, 5000 daltons; 4500 mg of inulin) were injected i.v. over 4.5 mm. Blood samples were taken prior to administration and repeated 5, 7, 10, 15, 30, 45, 60, 90, 120, 150 , and 180 mm after the beginning of the injection. Inulin was measured using the method of Roe, Epstein, and Goldstein [181. The plasma inulin concentration was plotted against time on a semilogarithmic scale. A curvilinear curve was obtained and divided into two exponential functions according to the feathering technique. The two-exponential model was used for calculation of the inulin space. The inulin distribution equals the product of the total clearance and the mean transit time calculated from classical equations [16] . Inulin space and clearance were corrected for the plasma water content [19] . Inulin space was used as an estimation of ECF and expressed in mllm2 [13, 16] . The reproducibility of the method was 9 4%. In eight normotensive and eight hypertensive patients, the distribution volumes of inulin and bromide were determined simultaneously. Bromide space was measured according to the method of Moore et al [20] . In normotensive and hypertensive patients, mean values were respectively 5250 120 and 5400 117 mlIm2 for inulin space and 7989 210 and 7913 223 ml/m2 for the bromide space. In both groups, a linear conelation (r = 0.94 and 0.96) was observed between inulin and bromide spaces, with a slope equal to one. Inulin clearance was used as an estimation of glomerular filtration rate [13, 16] .
Estimation of renal blood flow and sodium excretion. Renal plasma flow (RPF) was estimated between the 75th and 105th mm of the inulin space measurement. RPF was estimated by 131j hippuran clearance (20 Ci) using the single injection method [21] . After a control sample had been taken, the injection was given at time zero, and five blood samples were collected between the 10th and 20th mm after the injection.
Radioactivity concentrations were plotted against time on a semilogarithmic scale. Calculations were made using the one-compartment model [22] . As previously shown, the bolus infusion technique slightly overestimates the standard clearance, which requires blood and urinary collections [23] . Renal blood flow (RBF) was calculated from RPF by using the peripheral venous hematocrit and according to the formula: RBF = RPF/l -Ht [24] . The filtration fraction (FF) was expressed as the GFR/RPF ratio (inulin clearance/hippuran clearance). Afferent arteriolar plasma protein concentration (CA) was defined as the plasma protein concentration in peripheral venous blood [25] . Efferent arteriolar plasma protein concentration (CE) was calculated from the filtration fraction and from CA using the relationship CE = CA/l -FF [25] . Values for afferent (irA) and efferent (IrE) plasma oncotic pressures were then derived from CA and CE using the relation ir (mm Hg) = 1.629 C + 0.2935 C2 [25] . Indices estimating the renal handling of sodium were determined on an 8 hr timed urinary collection including the entire period of clearances and ECF volume determination. Urine samples were obtained by spontaneous voiding. Accuracy of the urinary volume samples was estimated by comparison of the inulin clearance (GFR), measured during the ECF determination, and the endogeneous creatinine clearance estimated from the urinary sample and blood creatinine. The urinary samples were considered as accurate only when the difference between the two clearances was equal to or less than 15%. Urinary samples were considered accurate in 35 controls and 66 essential hypertensives. Sodium clearance was estimated from the urinary output of sodium (UNaV) and plasma sodium concentration. Fractional excretion of sodium (FENa) was estimated from the ratio between sodium clearance and GFR (sodium clearance/inulin clearance) [12] . Statistical analysis concerning the sodium excretion was done in this group of 101 subjects only. Plasma and blood volume estimation. Plasma volume was approximated to the distribution volume of 131 radioiodinated albumin, measured after a control sample was taken, and 3 iCi were injected at time zero. After 10 mm, a single sample was taken for radioactivity counting and volume estimations. The reproducibility of the method has been published elsewhere [6] . In 21. normotensive and 21 hypertensive patients, serial consecutive blood samples were taken, and activity was plotted as a function of time. Plasma volume was then calculated by extrapolation of the curve to time zero and compared with the value obtained at 10 mm. The values obtained at 10 mm were somewhat higher in normotensive (2 1%) and hypertensives (5 2%), but the differences were not significant. Thus, for all patients the plasma volume determination with 10 mm sample was used for the statistical study. Blood volume was estimated from plasma volume and peripheral hematocrit. Results were expressed in ml/m2 of body surface area.
Chemistry and humoral studies. Plasma samples were obtained during the inulin space measurement (between the 60th and 75th mm). Sodium, potassium, chloride, glucose, creatinine and protein concentrations in serum samples were measured by an automated system of chemical analysis. The peripheral venous hematocrit value was determined by microhematocrit technique. Blood for renin and aldosterone determination was drawn into chilled EDTA tubes which were kept on ice until the samples could be centrifuged and the plasma frozen at -30°C. Plasma renin activity was determined by radioimmunoassay [26] with results in nanograms of angiotensin I generated per liter of plasma per minute (ng/liter/min). Plasma aldosterone concentration was determined by radioimmunoassay [26] with results expressed as picograms per milliliter of plasma (pglml).
Estimation of total effective (systemic) vascular compliance Total effective vascular compliance (TEVC) and central hemodynamic study were carried out in 41 subjects, including 17 normotensive controls and 24 essential hypertensive patients of the same age (32 2 years vs. 34 2). These groups were composed of patients whose data were included in previously published analyses [13] , but new patients were also included to study a large series of subjects with a complete set of data dealing with a low-pressure system and renal hemodynamic characteristics. The experimental protocol was similar to that of the previous publication [13] . Prior to the study, an evaluation of left ventricular performance according to classical criteria was done in all patients, including measurement of systolic time intervals [27] and echocardiogram [28] . A maximal exercise treadmill test [29] was done for elimination of latent coronary insufficiency in all subjects. Left ventricular performance indices were in the normal range in all patients. According to the standard criteria [15] , left ventricular hypertrophy on resting ECG was present in nine EH patients. Central hemodynamic studies, including the measurement of cardiopulmonary blood volume, were done just before and after the estimation of TEVC, as described previously [6, 13] .
Without premedication and under local anesthesia an antecubital vein and brachial artery were catheterized and a transcutaneous catheter were advanced into the right atrium and the aortic root immediately distal to the aortic valves. A large forearm vein was cannulated for dextran infusion. With the subject in the supine position, cardiac output (CO) was measured at least three times, using a Water cuvette and densitometer [61. Indocyanine green (5 mg) was introduced into the central venous (right atrial) catheter and flushed into the circulation in less than 0.5 sec. With a constant rate pump, blood was withdrawn from the arterial catheter through the densitometer. The system was calibrated before each determination. Curves were measured planimetrically. Cardiac output was expressed in mi/min/m2 after correction for body surface area (cardiac index). Normotensive controls and hypertensive patients had a similar value of resting cardiac index, respectively 3787 108 mi/min/m2 in normal controls and 3479 117 mlimin/m2 in EH patients (NS). Arterial pressure was continuously recorded with an oscilloscope (Siemens Osciliomink) or a multichannel oscillograph (Electronics for Medicine EFM VR12). After the determination of central hemodynamics, total effective vascular compliance was measured as described previously [6] . The procedure was a modification of that described by Echt et al [4] . Mean right atrial pressure was measured with a Statham strain gauge and served as a measure of central venous pressure. The central venous pressure was calculated by an electronic integrator. The reference line for adjustment of the gauge and pressure transducers was defined in the supine position as the line of junction passing between two planes: 1) a mid-frontal plane parallel to the examination table at one-third the distance between the table and anterior chest wall, and 2) a plane at a right angle passing through the junction of the fourth rib and the sternum. Central venous pressure, respiratory movements obtained by a pneumograph, and electrocardiogram for heart rate monitoring and control were recorded simultaneously, TEVC was determined during blood volume expansion using a 6% iso-oncotic dextran infusion (mol wt, 70,000 daltons). To minimize secondary effects due to capillary fluid movements and delayed compliance, the study was carried out in a short infusion time. Five hundred milliliters of dextran solution were infused in 3 mm using a peristaltic pump. During the total duration of expansion, CVP was recorded and plotted against the blood volume changes. As described previously in the observed range of variations [61, the pressure volume relationship was linear at first approximation. The elasticity coefficient (E) of the total vascular bed was expressed as the slope of the pressure-volume relationship. Total effective vascular compliance (liE) was standardized to body wt [4] , As shown previously [61 the heart rate and arterial blood pressure did not change significantly during the dextran infusion. The day-to-day reproducibility of the TEVC estimation was evaluated in a separate group of 13 subjects (five normal controls and eight EH patients); it was 8.8
1.2%, with good correlation between the values (r = 0.94). It has been previously shown [6, 301 that, in the absence of altered pumping ability of the heart, the value of effective vascular compliance is determined mainly by the properties of the low pressure system, Student's t test assessed the significance of differences between normotensive controls and hypertensive patients. Correlations were performed by linear least squares regression analysis. Partial correlation coefficients were calculated according to standard statistical methods [311. P values < 0.05 were said to be significant.
Results
Mean values study Patients characteristics (Table I) . EH patients and normal controls had a similar age (36 1 vs. 38 1 years). EH subjects had a consistently higher wt and body surface area (P < 0.001) as compared to the control group. Blood and urine chemistries were similar in the two groups. Plasma renin activity did not differ (NS) in normotensive controls (PRA) (80 8 ng/liter/min) and EH patients (73 6 ng/liter/min). Plasma aldosterone (PA) was similar (NS) in control subjects (94 14 pg/ml) and EH patients (109 11 pg/mI).
Extracellular fluid volume, central venous pressure, and total effective vascular compliance. ECF volume was similar (NS) in normal controls (5528 102 ml/m2) and EH patients Supine resting central venous pressure (CVP) was slightly but significantly higher in EH patients (5.6 0.4 mm Hg) compared to normotensive subjects (3.8 0.5 mm Hg) (P < 0.01). Total effective vascular compliance was reduced significantly (P < 0.001) in hypertensive patients (1.55 0.05 ml/mm Renal hemodynamics (Table 2 ). Renal plasma flow was significantly reduced in sustained hypertensive patients (786 25 ml/min) in comparison with the values observed in normotensive controls (921 31 ml/min). Absolute values for GFR were similar (143 3 ml/min in normal controls vs. 138 3 mI/mm in EH patients) but those for hypertensive patients were slightly lower (73 2 ml/min/m2); (P < 0,02) than those observed in normal controls (77 2 mI/min/m2) when corrected for body surface area. FF was significantly increased in EH patients (18 0.4%) in comparison with that in control subjects (15.4 0.4%; P < 0.001). Afferent arteriolar oncotic pressure of normotensive subjects and EH patients was similar (26.3 0.3 mm Hg vs. 27 0.3 mm Hg). Efferent arteriolar oncotic pressure was significantly higher in EH patients (37.1 0.4 mm Hg) compared to normal controls (34.8 0.5 mm Hg) (P < 0.001).
Urinary sodium excretion (UNaV) was similar in EH patients (61.4 2 moles/min) and normotensive subjects (62 2 xmoles/min). Sodium clearances of EH subjects and normal controls were identical (0.42 0.01 ml/min vs. 0.41 0.01 ml/min) (NS). Fractional excretion (FENa) and reabsorption of sodium (FRNa) were identical in the two groups.
Correlation study Total effective vascular compliance was positively correlated with total blood volume (r = 0.60; P < 0.001) and plasma volume (r = 0.59; P < 0.001) in the overall populations. Similarly positive correlation is observed between total effective vascular compliance and the PV/IFV ratio in the overall population (r = 0.62; P < 0.001). Figure 1 shows the negative correlation (r = -0.62; P < 0.001) between central venous pressure and total blood volume in basal conditions and after dextran infusion (r = -0.70; P < 0.001). The right panel of Figure 1 represents schematically the relationship of CVP and total blood volume in acute volume expanding (during dextran infusion) and basal conditions. During acute volume expansion the CVP rises (according to the direction of arrows) to set a new equilibrium which is still characterized by a negative correlation between blood volume and CVP. The arrows start from the points representing four different patients according to their basal blood volume and CVP. The angle a is the reciprocal value of TEVC. Figure 2 shows the negative correlation in the overall population between TEVC and CVP (r = -0.50; P <0.01). Figure 3 shows the negative correlation between CVP and PV/IF ratio, observed in the overall population (r = -0.45; P < 0.01).
GFR and RPF are correlated positively both in normal subjects (r = 0.70; P < 0.001) and EH patients (r = 0.72; P < 0.001). The correlations are similar in the two groups, both in their slopes and intercepts. Positive correlation between GFR and UNaV exists in normal subjects (r = 0.52; P < 0.01) and hypertensive patients (r = 0.34; P < 0.01). In both groups the correlation is similar in slopes and intercepts. Figure 4 shows the positive correlation between RPF and sodium clearance (CNa) in normotensive controls (r = 0.58; P < 0.001) and hypertensive patients (r = 0.44; P < 0.001). A significant reset (P < 0.01) exists between these relationships in hypertensives in comparison with normal controls. Figure 5 shows the negative correlation between efferent arteriolar oncotic pressure and CNa in normal controls (r = -0.44; P < 0.01) and hypertensive patients (r = -0.54; P < 0.001). The mean regression line of this correlation is significantly (P < 0.01) reset in hypertensive patients. A similar correlation and reset is observed between FF and CNa both in normal controls (r = -0.38; P < 0.02) and hypertensive patients (r = -0.36; P < 0.01). A significant negative correlation exists between PRA and FENa in normotensives (r = -0.38; P < 0.02) and hypertensives (r = -0.31; P < 0.01). A significant negative correlation between PA and FENa is observed in normal controls (r = -0.52; P < 0.01) and EH subjects (r = -0.40; P < 0.001). The slopes and intercepts of these correlations are not different between the two groups. Figure 6 shows the negative correlation between TEVC and IrE (r = -0.50; P < 0.01) and the positive correlation between CVP and IrE (r = 0.46; P <0.01) in the overall population.
Discussion
The most important subjects to be discussed are 1) the correlation between extracellular fluid (ECF) volume partition and hemodynamic characteristics of the post-capillary segment of the circulation, 2) the correlations between renal hemodynamic indexes and sodium excretion, and 3) the relationship between renal hemodynamics and sodium excretion with the characteristics of the postcapillary segment of the circulation. demonstrated [6] . A positive correlation between TEVC and PV or PV/IF volume ratio was confirmed in the present study (see Results), but the most important observations were: 1) a negative correlation between TEVC and central venous presr = 0 50 sure (CVP) (Fig. 2) ; 2) a negative correlation between resting < oo CVP and total blood volume (Fig. 1) ; and 3) a negative correlation between CVP and PV/IF volume ratio (Fig. 3) . The bulk flow of fluid across capillaries depends on the net difference between hydrostatic and oncotic pressure gradients and the cap-0 illary filtration coefficient. The systemic plasma protein concentration and oncotic pressure are similar in normotensive controls (NC) and EH patients (see Results). Therefore, the increase in the capillary filtration rate observed in hypertensive patients [32, 33] could either result from an increased transcapillary hydrostatic pressure and/or from an abnormal capillary permeability. Capillary hydrostatic pressure depends on arterial pressure, right atrial pressure, and the distribution of resistances between pre-and post-capillary vessels 11, 2]. On the basis of a direct correlation between transcapillary escape rate of albumin and mean arterial pressure [32] , it was assumed that 1.5 2
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capillary filtering pressure was increased in EH patients, resulting from an inadequate protection by precapillary sphincters against the high systemic pressure. An alternative explanation was that elevated capillary filtering pressure was due to an increased venular tone [7, 32] . As the venous tone or distensibility are strongly correlated with TEVC [6] , the correlation which we found between TEVC and PV or PV/IF volume ratio [6] supported this later hypothesis. As well established, decreased venous compliance can augment the venous and car-0.450 diac filling pressures [1, 2] . The negative correlation between TEVC and CVP ( Fig. 2) illustrates this inter-relation. In basal resting conditions (cross-sectional study) a negative correlation existed between CVP and TBV. A positive correlation between blood volume changes and CVP changes existed during acute volume load (the direction of the relationship is indicated by the arrows on Fig. 1 ). The acute effects of volume load depended on the distensibility (TEVC) of the system (represented by the symbol a in Fig. 1 ; a = l/TEVC). In resting conditions the increase in CVP was not due to an increase in blood volume, but to a decrease in TEVC (Fig. 2) . The increase in the CVP had a possible direct consequence on fluid volume partition. The negative correlation between CVP and PV/IF volume ratio (Fig. 3 ) is in favor of such an influence. It is well known that the filling pressure of the heart has a direct influence (or mediated by reflexes) on the renal control of sodium and water excretion [2] . In EH patients a typical patof renal dysfunction was described: RBF and RPF were 0 5 10 decreased while GFR was either normal or decreased proportionately less than RPF, thus resulting in an increase in FF ([91, see Results). Since the relationship between RPF and GFR did not differ between NC and EH patients (for any given RPF, the GFR was equal in the two populations), the renal hemodynamic abnormalities were due to an increased pre-glomerular resistance [341 with a possible redistribution of intrarenal blood flow [9, 35] . The most consistent observation in the present study was, in EH patients, the association of an increased FF with a sodium excretion similar to that of NC. In normotensive patients and in EH subjects a positive correlation existed between RPF and sodium clearance (Fig. 4) . The correlation was significantly reset in EH patients who had, for any given patients suggested some changes in the forces regulating ECF distribution [7, 8, 32, 33] . In previous studies [6, 131 we showed that significant relationships existed between the properties of the post-capillary segment of the circulation and the distribution of ECF. A positive correlation between total effective vascular compliance (TEVC) and the PV/IF volume ratio was 10. 5.
• RPF, a higher sodium clearance. A negative correlation was observed between FF and IrE and sodium clearance in both groups. In ER patients a significant reset of these two correlations existed (Fig. 5) . For any given FF or IrE, the sodium clearance was higher in EH patients. Since IrA was similar in NC and ER patients, and patients did not have proteinuria, the theoretical consequence of an elevated FF was a greater IrE with unusual Starling forces in the peritubular capillaries in a direction which could favor fluid and salt reabsorption [3, 9, 361 . Sodium retention occurs in many pathophysiological conditions associated with a decrease in RPF and an increase in FF [36, 37] . In uncomplicated essential hypertension, sodium balance is in equilibrium and an augmented natriuretic response to sodium volume load has been observed [10-12, 38, 39] . The exaggerated natriuresis could oppose the tendency for impaired sodium excretion due to increased preglomerular resistance and resetting of the pressure natriuresis [40] . Such conditions suppose that a natriuretic mechanism develops in association with the development of hypertension [411. In animal models of essential hypertension [42, 43] the glomerular capillary hydrostatic pressure is not elevated and GFR is normal. In humans with EH the GFR is also preserved, and the correlation between GFR and UNaV is similar to that observed in normotensives. On the other hand, the similarity of the sodium handling between the two groups, despite an increase in FF and IrE in EH also supports the existence of a natriuretic mechanism. The mean values of PRA and PA levels did not differ in normal controls and EH subjects. Also, the relationships between FENa and PRA and PA were similar (see Results). Therefore, it seems more likely that adaptation of sodium and water output takes place in the proximal parts of the nephron, in agreement with previous reports [121. The nature of the natriuretic mechanism could be physical (hemodynamic) [31 or humoral [411. Some results in the present study tend to favor the former possibility: 1) a negative correlation was observed between TEVC and FF or irE (Fig. 6) ; 2) a pOsitive correlation exists between IrE and CVP (Fig. 6 ). Lowenstein et al [38] found an elevated intrarenal venous pressure in patients with EH, and observed that the augmented natriuretic response to a saline volume load was associated with an exaggerated increase in intrarenal venous pressure. These findings have been considered as an evidence for an increased peritubular capillary hydrostatic pressure, compensating for the sodium retaining mechanisms. More recently, Willasen and Ofstad [39] found a normal intrarenal venous pressure in a group of EH, but the blood pressure elevation in this group of patients was very moderate, corresponding to a mild form of EH with usually normal hemodynamic parameters. Despite normal pentubular hydrostatic forces, the phenomenon of exaggerated natriuresis was present in these patients, suggesting that the natriuretic response might be mediated by humoral factors [39] . The hemodynamics or physical factors are not invariable and constant. They are influenced by the physical or structural properties of the organs and by the action of various neural or humoral factors which could modify their properties. For that reason, the mechanical relationships between renal and systemic hemodynamic factors and indices of sodium excretion do not explain the causal reason for the natriuretic adaptation. The decrease of TEVC and increase in CVP could be due to structural changes of the post capillary segment of the circulation and or to the action of humoral or neural factors. From this point of view, a factor which decreases systemic compliance might be natriuretic. 
